Introduction
Obesity is one of the most prevalent and costly of the degenerative diseases that affects western society. [1] [2] [3] [4] [5] The causes of obesity are widely acknowledged to be multifactorial and include a combination of environmental lifestyle factors, combined with genetic effects. 6 Several studies, from a variety of societies, have indicated that obesity is more prevalent in lower social strata, [7] [8] [9] [10] but the reasons for this association remain obscure. Suggested factors include effects of socioeconomic status on activity patterns, 11 diet, 12, 13 nutrition, emotional deprivation and cultural norms acquired in early childhood, 14 a confounding effect of parental body size 14, 15 and the possibility that obesity causes low social status rather than the reverse. 16 Our poor understanding of the association has been repeatedly highlighted in the literature. 14, 15, 17 Since there is a broad correlation between educational attainment and social status, and associations between educational attainment and obesity, 18, 19 the effect of social status may in part result from poor education about the energy and fat contents of different foods. Establishing whether the social class effects on obesity prevalence are partly a consequence of education, as well as due to lifestyle factors that correlate with social status is important because public health education measures are likely to be ineffective if the root cause of the problem does not involve lack of knowledge about the energy contents of different foods. If people in lower social strata already know what foods have high energy contents, but fail to act on this information, public education programmes to give them this information will likely be ineffective. On the other hand, if lack of knowledge about food energy contents does contribute to the problem then public education initiatives may be a valuable addition to the programmes aiming to reduce the prevalence of obesity.
Methods
We assessed public knowledge of the energy contents of foods by interviewing members of the Scottish public (n ¼ 356) selected for interview either in the street, outside shopping centres, at their places of employment or where they engaged in leisure pursuits (cinemas, bars and health centres) distributed across the city of Aberdeen (NE Scotland, UK) to include a range of post code areas. We did not attempt to sample a completely randomised section of the community. Potential interviewees, within the limits 18-45 y, were screened. Subjects were asked their heights (h) and body weights (BM). Subjects generally declared these in nonmetric units so we converted them to metres and kilograms using accepted conversion values and then used these values to calculate their body mass indices BMI ¼ BM/h 2 . Using selfassigned body masses and heights will include errors due to lack of contemporary knowledge and potentially deliberate deceptionFparticular with self-declared body weights, although a previous study has reported that the Scottish population tends to underestimate their own heights as well as their own weights leading to unbiased estimates of their BMIs. 20 To avoid any problems with precision of these estimates, we did not use the raw data on BMI but divided the respondents into three broad classes (normal, BMIo25 kg/m 2 ; overweight, BMI425o30 kg/m 2 and obese BMI430 kg/m 2 ) using the WHO guidelines. 21 After a preliminary analysis of the data, which indicated no significant differences between overweight and normal subjects in the estimated energy contents of the food items, we pooled the data from these two classes, leaving only two BMI groups: the obese (BMI430 kg/m 2 ) and nonobese (BMIo30 kg/m 2 ). Deception over body weight declarations would tend to blur these divisions and hence reduce the likelihood of detecting significant associations with BMI class.
Subjects were asked their home post codes which were converted into social class scores using the Carstairs deprivation categories 22 of different post code areas. The
Carstairs scores rank the social status of different areas on a scale from 1 ¼ most affluent to 7 ¼ most deprived, based on a number of criteria including standard of housing in the area, unemployment rates, etc. We divided the data into two social class groups because we had insufficient data to make the analyses for the separate classes. The groups were those living in areas with scores 1 and 2 and those with scores of 3 or lower, alternative groupings were also tried but again there were insufficient data for such alternatives. We have called these groups the upper and lower social strata in our sample, but it is important to clarify that this categorisation has no significance relative to national norms for assignation of social class in the UK. Aberdeen has a large student population who were included in our sample. Students tend to blur the social divisions because they may originate from higher class areas than they live in during their studies. This would tend to reduce the probability of detecting social class effects in our data. Subjects were asked the number of calories ( ¼ kcal) that they felt they required to eat each day. We chose to express energy in calories rather than the SI unit Joules because the UK population is more familiar with the calorie scale than the expression of energy contents in Joules. The distribution of these data revealed a small cohort of outlying female subjects that considered their requirements were less than 100 kcal/day and a single outlying male who considered he required 30 000 kcal/day. These persons were probably assessing energy contents using different scales from calorific contentFin particular kJ for the single male, and the 'weight-watchers s success s diet scores' for the female subjects. We excluded these 10 individuals leaving a total of 346 individuals included in the analyses, although incomplete responses meant exact sample sizes varied slightly between different tests. The breakdown of the 346 subjects by social group, gender and obesity class (BMI430 or o30 kg/m 2 ) is shown in Table 1 .
Subjects were shown 12 pictures printed on a5-sized paper. Eight of these were enlarged from the UK food atlas of portion sizes 23 (apple, banana, steak, chicken, bread, fruit Social class and obesity JR Speakman et al cake, butter and cheese). These were added to four pictures taken by us of confectionary (regular sized Mars bar), potato chips (crispsF28 g bag Walkers ready salted), beer (440 ml can Miller) and wine (125 ml glass white dry wine). We chose these foods to reflect a variety of macronutrient compositions and energy densities including high-carbohydrate/ low-fat/low-protein foods (apple, banana and bread), lowcarbohydrate/high-fat/high-protein (steak and chicken meat), high-carbohydrate/high-fat/low-protein (fruit cake, confectionary and potato crisps) and alcoholic beverages (beer and wine) with low-carbohydrate/fat and protein contents but calories provided from a different source (ethanol). A pilot study using double the number of foods resulted in poor respondent compliance to complete the entire interview and so we reduced the numbers to a level where we considered we would get complete data sets from subjects. In our own pictures, the foods were placed on a 10-inch (25.4 cm) diameter white plate to match those from the portion food atlas. Subjects were asked to assess how many calories they thought were in the item they were being shown (and what the fat content of the food item was by % weightFdata not shown in this paper). Interviewers (authors LW and HW) were blind to the true calorie and fat contents and only gave affirmations if questioned during the trials about the correctness of any particular answer. Subjects were informed of the size of the plate in the pictures to provide a reference scale. Subjects did not receive remuneration and were anonymous.
Statistics
We distinguished conceptually the estimated energy content that refers to the estimated caloric content of the food item, from the 'food energy knowledge' that refers to the differences between the estimated and actual energy contents. All the distributions of estimated energy contents were not normally distributed and were transformed using the Box-Cox procedure. Normalisation of the data is necessary because inferential statistics assume that the distributions being tested are normally distributed. Testing non-normal distributions leads to spurious estimates of probability in statistical tests. Box-Cox transformation is a method of transforming non-normalised data that optimises the transformation function to ensure the best possible fit to normality in the resultant transformed variable. We examined the differences in estimated energy contents between genders, BMI classes and social classes using generalised linear modelling. This approach takes the estimated energy content as the dependent variable and then examines if there are significant differences in the estimated contents between the different groups. In doing this analysis we are asking only if there are significant differences between groups in their estimated energy ratings. We do not imply by this analysis that BMI causes the differences in estimated energy content. Retaining the 10 individuals that were eliminated because they appeared to be utilising different rating scales greatly exaggerated the differences between BMI classes, and resulted in large differences between genders (male ratings of energy contents much greater than female ratings for all foods), both of which were probably a spurious consequence of the utilisation of the different scales of measurement by these individuals. Where significant effects were indicated, further analyses were performed of subsets of the data using one-way ANOVA followed by Tukey tests to isolate significant differences between groups. We also analysed the impact of estimated food energy contents on probability of a person being obese (BMI430 kg/m 2 ) by splitting the sample by social class and then performing logistic regression (Logit method) on the resultant binary trait (obese ¼ 1, nonobese ¼ 0). Effects on all tests where considered significant when Po0.05.
Results
Estimates of the absolute energy contents of all the food types were extremely variable between individuals. Coefficients of variation in estimated energy contents averaged greater than 50% for all items (Table 2) . Nevertheless, the mean estimates across all individuals were surprisingly well matched to the actual energy contents of the items displayed ( Figure 1 :
Po0.001). The fitted relationship between actual energy content and mean estimated energy content had an intercept that did not differ from 0 (t ¼ À0.28, P ¼ 0.786) and a slope that did not differ significantly from 1.0 (t ¼ 0.3, P ¼ 0.72). The food types where on average subjects underestimated the energy contents by the largest amounts were bread (estimated 22% lower than actual) and fruit cake (estimated 17% lower than actual). In contrast alcoholic beverages were on average perceived to have far more calories than they actually did (beer was overestimated by Social class and obesity JR Speakman et al 39.9% and wine by 20.3%), as were butter (overestimated by 50%) and potato crisps (overestimated by 24.1%). The estimated energy contents of the other food products were within 10% of their actual energy contents (except for applesFunderestimated by 13%). Deviations of estimated energy contents from actual contents broken down by social class and obesity category are presented in Table 3 .
For the three foods with high-carbohydrate but low-fat and -protein contents (apple, banana and bread), there were no differences in the estimated energy contents of the foods between genders, social classes or BMI classes (Table 3 and 5: Figure 2a ). However, when energy contents were summed across these three items, a significant differences in the ratings between genders emerged (P ¼ 0.012), with male subjects estimating the energy contents on average 19% higher than female subjects. For the two food items with high-protein and -fat contents, but low carbohydrate (steak meat and chicken meat), the differences in estimated energy contents between genders, social classes and BMI classes were not consistent across the two items. For steak meat, there was a significant difference in the estimated energy contents between BMI classes, with obese people rating the energy content of steak meat lower than the ratings given by nonobese subjects by on average 33.8%. There was also a gender difference in the perceived energy content of steak meat, with male subjects rating the food 35.5% higher in energy content than female subjects. However, there were no differences between social classes in the estimated energy contents of steak meat. In contrast for chicken meat, there were no overall differences in the estimated energy contents between BMI classes, social classes or genders, but there was significant interaction in the estimates between social class and BMI class (Table 3 and 5). In the upper social class, there was no significant difference in the estimated energy contents between the nonobese and obese. However, in the lower social class group, obese subjects rated the energy contents of chicken meat 50.9% lower than the estimates of nonobese subjects.
The pattern of effects for the three foods that had both high-fat and -carbohydrate contents, but low protein (potato crisps, fruit cake and chocolate confectionary) were similar to the pattern observed for chicken meat. For all three products, in the higher social class group, the obese subjects rated the energy contents higher than the nonobese subjects (Table 3) , by 27.5, 20.7 and 7.5%, respectively. In contrast, the patterns were reversed in the lower social class group, with obese subjects rating the energy contents lower (Table 3) by 22.8, 29.7 and 26.0% for potato crisps, fruit cake and confectionary, respectively. In all three cases, this interaction of social and BMI class was statistically significant (ANOVA Interaction Crisps: For actual contents, refer to table 2. In all cases, the mean and standard error of the estimate are shown. Sample sizes were 165 and 39 for nonobese and obese subjects, respectively, from the lower social stratum and 114 and 26 for nonobese and obese subjects, respectively, from the upper social stratum.
Social class and obesity JR Speakman et al consistent responses. For butter, estimated energy contents were significantly different between BMI classes and also different between social classes, but these factors did not significantly interact (Table 3 and 5) . Independent of social class obese subjects estimated butter to have an energy content on average 41.8% lower than nonobese subjects. The lower social class group rated the energy content of butter on average 22.6% higher than the upper social class subjects, independent of BMI class. For cheese, however, the estimated energy contents did not differ significantly between BMI, gender or social classes, although an interaction between BMI class and social class approached significance (Table 5) . Pooling all the data for foods with high-fat content, irrespective of the other macronutrient contributions (steak and chicken meat, crisps, fruit cake, chocolate confectionary, butter and cheese) revealed only a significant interaction effect between BMI class and social class (Table 5 : Figure 2b ). In the higher social stratum, the difference in the average rating across all seven products was only 5.3% and was not statistically significant, but in the lower social class group the difference was much greater (28.8% lower in the obese group) and was significantly different. Finally, the ratings for alcoholic beverages were also inconsistent between groups. For beer, there was a large difference in the estimated energy content between BMI classes, but there were no significant differences between social classes or genders, and none of the two-way interactions were significant. Obese subjects rated the energy content of beer 27.6% lower than nonobese subjects. For wine however, there were no differences in the rated energy contents between any of the groups.
We pooled the estimated energy contents of all 12 food and drink items for each individual to reveal the overall pattern of rankings. In this pooled data, there were significant differences in the estimated total energy content between BMI classes (F 1,336 ¼ 3.10, P ¼ 0.04) as well as an interaction effect between BMI and social class (F 2,336 ¼ 5.17, P ¼ 0.006: Figure 3) . Differences between the genders were not significant. In the higher social class, there was no significant difference in the estimates of food energy content between the BMI classes ( Social class and obesity JR Speakman et al nonobese BMI class at the P ¼ 0.05 level, using the observed maximum variances and minimum sample sizes in the respective groups, was 0.88. The difference in the lower class obese group was not a small statistical effect that reached significance because of the large sample sizes involved in the analysis, since the absolute pooled energy contents across all 12 foods in the obese was only 70.9% of the average perceived energy content by the nonobese group, and 85.9% of the summed actual energy content of the foods. To assess food energy knowledge (Table 4) , we calculated the differences between the estimated energy and actual energy contents of the different foods (Tables 2 and 3 ). The statistical differences in food energy knowledge between different BMI classes, social classes and genders were identical to the differences for the raw estimated energy contents (Table 5 ) since for each food we had subtracted a constant from the data, which had no impact on the observed variances. However, expressing the data as differences to actual, rather than just the raw estimated energy contents, revealed the extent to which different groups overor underestimated the food energy contents. In the lower social class group, the lower BMI group had estimates that were closer to the actual content in 7/10 cases, compared to 3/10 for the obese group. This suggests that the leaner group (BMIo30 kg/m 2 ) had better food knowledge. For the alcoholic beverages in the lower social class group, however, the obese group was closer to the actual contents for both drinks included in the survey. In the higher social class grouping, the lean group had closer ratings to actual for 5/10 foods and for the other 5/10 foods the ratings were closer by the obese group. Again for alcoholic beverages, on average the obese group had better food knowledge for both items. Making comparisons across social classes, within the lean people the higher social class group were closer on 6/10 foods, and the lower class group better on 4/10, but among the obese this effect was more polarised with the obese higher social class group being closer to actual energy contents on 8/10 rated items compared to only 2/10 for the obese lower class group.
Conceptually, we consider that estimated food energy contents and food knowledge may be contributory factors to obesity and not the reverse. To explore this possibility, we performed binary logistic regressions with the estimated energy contents of each of the food types as the predictor variable and BMI class (obese or nonobese) as the dependent binary variable (Table 6 ). Social class was included as a factor. Since there were significant interactions between class and energy content ratings for many of the analyses, we repeated In all cases, the mean absolute deviation and the deviation expressed as a percentage of the actual value are shown. Sample sizes were 165 and 39 for nonobese and obese subjects, respectively, from the lower social stratum and 114 and 26 for nonobese and obese subjects, respectively, from the upper social stratum. All traits were Box-Cox transformed prior to analysis to normalise them. NS ¼ not significant. Where there was a significant effect, the F and associated P-value are quoted. Some results that approached significance also have the F and P-value shown. Bold indicates statistically significant values.
Social class and obesity
JR Speakman et al the analyses with the data split into social classes to clarify the nature of these interaction effects.
In the upper social stratum, none of the regression analyses were significant for any of the food types, indicating no link between food knowledge and obesity. In the lower social class group, however, there were significant strong associations between food knowledge and obesity for seven of the 12 food items, with a further three on the very borderline of significance (P40.05 o0.06) ( Table 6 ). The three items with high-carbohydrate but low-fat and -protein content had either nonsignificant associations (apple and banana) or were on the borderline of significance (bread). For the items with high fat, irrespective of the other macronutrient contents, the associations were mostly strong and highly significant (for steak and chicken meat, fruit cake, chocolate confectionary and butter) or on the borderline of significance (potato chips and cheese) and were uniformly negativeFindicating that those persons who rated the foods as having lower energy contents were increasingly likely to be in the obese group. For the alcoholic beverages, the associations were also negative (lower rankings more likely to be associated with obese), and for beer this association was highly significant.
Discussion
Across all individuals, the average ratings of energy contents of the different foods was remarkably good, with the average estimated energy contents for some foods differing by less than 2% from their actual contents (steak and chicken meat). However, despite this apparent ability to estimate food energy contents across the entire population in this sample, the individual estimates were extremely variable.
For the three foods that had high carbohydrate, but low fat and protein contents, there were no significant differences in perceived energy contents between the groupings, apart from a gender effect in the pooled data. For the three foods that had both high fat and carbohydrate contents and low protein content, there was also a consistent pattern across the three foods, with a significant interaction of social class and BMI class. Yet in the other two food types (high protein and fat but low carbohydrate, and high fat with low carbohydrate and protein), the differences were not consistent across the two food types in each group. Overall, it appeared that a lower perception of the energy content of food by the obese (particularly obese subjects in the lower social class group) was most prevalent in foods that had high fat content, irrespective of the other macronutrient compositions. The association between obesity of the subjects from subjects in the lower social stratum and their estimates of food energy content of the high-fat foods was confirmed when we made logistic regressions with obesity as the dependent variable and ratings of food energy content as the predictor. These associations were uniformly absent in the higher social class group.
The association between obesity and the ratings of food energy contents by subjects drawn from the lower social strata, in this cross-sectional study, may reflect two alternative patterns of causation. First, the result may reflect an effect of estimated food energy contents, which preceded the development of obesity, and was hence potentially a contributory factor to its development. The factors that contribute to the regulation of food intake in humans are known to be diverse, and to include a number of factors in addition to the amounts and macronutrient composition of the food ingested. These include non-nutritional components of the food, such as water and air and hence the food volume, [24] [25] [26] its presentation and various hedonistic factors.
Whether one of these factors is also knowledge of the food composition and its energy content remains a matter of dispute, although recent studies have indicated that food knowledge can influence food choice. 27, 28 Alternatively, the effect could reflect a misperception that is a consequence (rather than a cause) of altered body energy storage and energy regulation signalling. The interaction with social class might point to a socioeducational interpretation rather than a physiological-genetic one, but longitudinal studies would be required to separate between these interpretations. If a socioeducational interpretation is favoured, then examination of the food knowledge of our subjects points to two different potential contributory effects in the data. On average, the nonobese individuals in the lower social class group had better food knowledge (7/10 foods rated closer to actual than the obese group). On the face of it these data suggest that public health education The data for each social class group was analysed separately. The coefficient expresses the direction of the effect, and the G statistic determines whether this slope was significantly different from 0. A significant negative coefficient indicates that as the perceived energy content of a food item increased it was less likely that the person would be in the obese category, while a significant positive coefficient indicates that as the perceived energy content of a food item increased it was more likely that the person would be in the obese category. Significant effects (Po0.05) are shown in bold.
Social class and obesity JR Speakman et al programmes and better food labelling with respect to energy might assist in alleviation of the obesity epidemic. However, the specific food items where the obese group proved to have superior food knowledge were in alcoholic beverages and snack foods (confectionary and crisps). For these items, the nonobese subjects (BMIo30 kg/m 2 ) consistently overestimated their actual contents (hence their poorer knowledge). If it is these particular food and beverage items that contribute most to the obesity phenomenon among the lower social class groups, then an argument could be made that poor food knowledge is protective, if the nature of the poor knowledge is to overestimate actual food energy contents. This suggests that food labelling programmes that provide more generic information, for example, the traffic light signalling system of red, amber and green markers, might be more effective than specific factual information on absolute energy contents.
